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ABSTRACT

The objective of this report was to study the existing literature and data

of

residential graywater treatment and disposal sys-

tems and their possible applications and environmental impacts in
Florida.

The report addresses mainly (1) the definition of gray-

water quantity and quality, (2) the evaluation of proposed graywater
treatment systems for possible reuse and disposal, (3) the impact
of residential graywater systems on existing and proposed wastewater
treatment plants, and (4) the possible impacts on groundwater and
surface water environment.

The report also presents some preliminary

residential graywater treatment and disposal system designs including
expected treatment efficiencies and cost.

It should be cautioned

that the proposed designs and efficiencies are based on limited operational or test data, and a great amount of field data was obtained
for blackwater septic tanks.

Finally, it recommended that addi-

tional laboratory, field and operational testing is required to evaluate system design parameters and possible environmental impacts
for

the Florida Environment.
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CHAPTER I
INTRODUCTION AND OBJECTIVES

Introduction
The potential growth of many areas in Florida is limited by
the availability of a healthy environment and adequate resources
and services.

More specifically, efforts by developers and industry

for expansion and growth in the state have been hindered by the lack
of sewage treatment capacity from existing facilities.

Additionally,

construction of new wastewater treatment facilities has become expensive and federal supports of construction grants to expand existing
plants or build new ones have been reduced considerably.

Therefore,

it is essential to find means of optimizing our usage of existing
wastewater treatment facilities, and to study alternative, innovative
approaches to on-site wastewater disposal.

The subject "Graywater"

concept may prove to be a promising alternative to the above problem.
The United States Environmental Protection Agency design manual
entitled, "Onsite Wastewater Treatment and Disposal Systems", reported
a nation-wide average residential wastewater flow of 44 gallons per
person per day.

Approximately ?0% of this flow is due to bathing

and clotheswashing, while the remainder is due to toilet flushing,
dishwashing, and garbage grinding.

Graywater is defined as all resi-

dential flows resulting from bathing, clotheswashing, and use of

2

miscellaneous sinks, excluding toilet systems, the kitchen sink and
garbage disposal.
If the graywater can be separated from the other household water
flows, it may be treated, disposed and/or reused onsite successfully
at a minimum cost.

This flow separation will also result in flow

reduction and quality changes for sewage to be transported to a treatment plant or to be treated onsite.

However, before the Graywater

concept can be implemented on a large scale basis, certain questions
must be answered concerning its health and environmental impacts,
and its affect on existing and future treatment plants.

Some of these

questions are:
1.

What quantities (flows) of graywater can be expected
for Florida households?

2.

What is the physical, chemical, and bacteriological
quality of graywater?

3.

What is the environmental impact of graywater on nearby
soil and groundwater?

4.

What are the changes of quantity and quality of sewage
after separation of graywater?

5.

What are the effects of these changes on sewage collection systems and treatment facilities?

6.

Can reasonable design criteria and concepts for graywater treatment, reuse, and disposal be developed to
achieve minimum cost and minimum detrimental effect
on the environment?

It is necessary to provide answers for these questions through
the use of existing data and to identify areas where further indepth
studies may be required before implementation of the graywater systems
in the State of Florida.
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Onsite Treatment/Disposal Alternatives
Previously, all domestic wastewater onsite treatment systems
were considered short-term solutions to wastewater disposal;

ade-

quate only untilcentral sewer systems and treatment became available.
These onsite treatment systems were considered "second rate", "failure
prone" and "poorly designed".

Recently, however, there has been a

change in philosophy due to the overloading of centralized treatment
plants, the dispersing of the population, and the environmental impact
of large point discharges of centralized sewage treatment systems.
The above problems have caused federal, state and local governments to refocus their attention to onsite treatment systems.

The

onsite treatment/disposal options considered by the EPA are shown in
Figure 1.

These options range from pre-treatment with a septic tank

or an aerobic mixing tank with additional treatment by biological,
chemical and/or physical methods.
The disposal options considered in the EPA Design Manual (October
1980) include subsurface soil absorption,' surface evaporation, or surface discharge.
A possible modification or compromise to complete onsite treatment would be to separate graywater from the other household wastewater flows and subsequently treat and dispose only the graywater onsite while the significantly reduced remaining flows are sent to the
central treatment plant.

The intent of this report is to determine

some of the advantages and disadvantages of this approach, including
the definition of design parameters and costs.

------~---
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Naturally, the onsite treatment of graywater alone may provide
some distinct advantages over treating complete household wastewater flows, because of the apparent quality of graywater.

However,

it is the intent of this report to define and confirm these advantages
if possible.

Scope and Objectives
The Scope and Objectives of this study were as follows:
1.

Survey of literature to define expected graywater quantity and quality and existing disposal/treatment concepts

2.

Definition of impacts of graywater installations on
existing wastewater treatment systems

3.

Definition of impacts of graywater installations on
groundwater

4.

Definition of possible graywater design concepts and
cost

CHAPTER II
LITERATURE SURVEY

Introduction
Approximately 25 percent of all the housing units in the United
States dispose of their wastewater using onsite treatment or disposal systems (EPA 1980).

These systems include many configurations

and designs from the common septic tank with a soil absorption system to complex recycle systems using filters and chemical treatment.
A survey was made of the existing data for the above systems to
determine:
1.

The quantity of graywater flows which can be expected
and how these flows may vary with family size and
daily living patterns

2.

The quality of graywater flows with respect to
physical, chemical and biological parameters

3.

The operational and performance characteristics of
existing graywater onsite treatment and/or disposal
systems
Graywater Quantity and Quality
Graywater Flows

In the EPA Design Manual (October 1980) "Onsite Wastewater Treatment and Disposal Systems", extensive data on average daily residential wastewater flows is presented.

Table 1 shows the results of

wastewater flow studies atl09 residential dwellings.

6

These data show

22
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41.4
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Weighted Average

No. of
Residences

Study

Study
Average
(gpcd)

Duration
of
Study
(months)

- 65

- 69

- 66

8

-

- 71

25.4- 56.9

31.8- 82.5

26.3- 65.4

37 .8-101.6

25

18

36

Wastewater Flow
Range of Individual
Residence Averages
(gpcd)

SUMMARY OF AVERAGE DAILY RESIDENTIAL WASTEWATER FLOWS

TABLE 1

-:-...!

8
a weighted average of 44 gallons per capita per day (gpcd).

The

range of individual residences shows wastewater flows from a low of
8 gpcd to 101.6 gpcd.

The frequency distribution for the data in

Table 1 is shown in Figure 2.

This data shows that wastewater flows

of 85 gpcd or less were reported by 99% of all the residences studied.
This large variation in wastewater flows is due to the fact that

-

total residential wastewater flowsaremade up of individual wastewater streams which are generated through various water-using activities.

These activities, such as bathing, toilet flushing, clothes-

washing, garbage disposal, and dishwashing are strongly dependent on
the numbers and types of plumbing fixtures and appliances as well as
their frequency of use.

The frequency of use is strongly dependent

on the characteristics of the residing family which includes (1) number of family members, (2) age levels, (3) mobility, and (4) overall
socioeconomic status of family.

The location of dwelling and climate

may also have a significant affect on family wastewater generation.
The distribution of residential wastewater flows according to
activity are presented in Table 2.

This table shows that when toilet

flushing, dishwashing, and garbage grinding activities are eliminated,
the resulting graywater flows average 25.8 gpcd or approximately 56%
of the total wastewater flow.

This table also shows that graywater

flows may range from 19.4 to 32.1 gpcd.

The larger value of 32.1 gpcd

may be more representative of Florida because of higher bathing and
clotheswashing activity.

-u
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TABLE 2
RESIDENTIAL WATER USE BY ACTIVITYa

Activity
Toilet Flushing

Gal/Use

4.3
4.0- 5.0

Uses/Cap/Day

gpcd

b

3.5
2.3 -4.1

16.2
9.2-20.D

Bathing

24.5
21.4-27.2

0.43
0.32-0.50

9.2
6.3-12.5

Clotheswashing

37.4
33.5-40.0

0.29
0.25-0.31

10.0
7.4-11.6

Dishwashing

8.8
7.0-12.5

0.35
0 .15-0 ..so

3.2
1.1- 4.9

Garbage Grinding

2.0
2.0- 2.1

0.58
0.4 -0.75

1.2
0.8- 1.5

Miscellaneous

-

-

6.6
5.7- 8.0

Total

-

-

45.6
41.4-52.0

a
b

Mean and ranges of results reported.
gpcd may not equal gal/use multiplied by uses/cap/day due
to difference in the number · of study averages used to compute the mean and ranges shown.

SOURCE:

EPA 625/1-80-012, October 1980.
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A typical daily distribution of residential wastewater generation is shown in Figure 3.

This figure shows that a peak genera-

tion of 3 gallons per capita per hour occurs typically at 9:00 a.m.
and 6:00 p.m.

Graywater accounts for 2.0 to 2.5 gallons per capita

per hour during these peaks.
Based on the data of Table 2 and Figure 3, daily average and
peak hourly graywater flows were estimated for residences as a function of the number of family members.
in Table

The results which are presented

3 show that graywater flows for large families may approach

200 gallons per day and peak hourly rates of 12 gallons per hour.

Graywater Quality
An initial reaction would be to consider graywater as being relatively high quality, since it does not include toilet wastewater.
However, review of existing data shows that graywater may be of higher
quality than combined residential wastewater, but substantially degraded when compared to potable water or existing groundwater quality.

Physical and Chemical Characteristics
Table 4 taken from the EPA Design Manual (October 1980) shows
the typical characteristics of residential wastewater if the garbage
disposal flows are excluded.

In general, combined residential waste-

water shows large values of BOD, COD, suspended solids, total solids,
total nitrogen, total phosphorus and total coliforms.
The mass pollutant contributions due to the major wastewater
activities are shown in Table 5.

This table shows the mass ccntributions

12 m.

TIME OF DAV

9 a.m.

3iJ.m.

6p.m.

9 p.m.

12 p.m.

EPA 625/4-77-011, October 1977.

61.m.

SOURCE:

31.m.

Average daily flow pattern from eleven rural households.

12 p.m.

Fig. 3.
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116

3

4
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6

193

161

64

39

2

High Graywater
Flows
(gal/day)

Low Graywater
Flows
(gal/day)

Number
in
Family

10

12

12.5

15

8

6

7.5

10

4

Peak Evening
Graywater
(gal/hr)

5

Peak Morning
Graywater
(gal/hr)

EXPECTED RESIDENTIAL GRAYWATER FLOWS

TABLE 3

i-..
(:N
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TABLE 4
CHARACTERISTICS OF TYPICAL RESIDENTIAL WASTEWATERa

Parameter

Mass Loading
(g/cap/day)

Concentration
(mg/l)

115-170

680-1000

Volatile Solids

65- 85

380- 500

Suspended Solids

35- 50

200- 290

Volatile Suspended Solids

25- 40

150- 240

35- 50

200- 290

115-125

680- 730

Total Nitrogen

6- 17

35- 100

Ammonia

1-

Total Solids

Chemical Oxygen Demand

Nitrites and Nitrates

3

6-

18

<1

<1

Total Phosphorus (as P)

3-

5

18-

29

Phosphate (as P)

1-

4

6-

24

Total Colif orms
(organisms/liter)
Fecal Colif orms
(organisms/liter)

SOURCE:

1010_1012
10
8
10 -10

EPA 625/1-80-012, October 1980

a For typical residential dwellings equipped with standard
water-using fixtures and appliances (excluding garbage
disposals) generating approximately 45 gpcd (170 lpcd).

SOURCE:

EPA 625/1-80-012, October 1980.

2.8
2.2- 3.4

1. 2
0.6- 1.6

0.1
0.1- 0.1

Phosphorus

1. 9
1.1- 2.0

8.7
4.1-16.8

0.6
0.2- 0.9

Nitrogen

28.5
24.5-38.8

Basins,
Sinks,
Appliances

17.2
10.8-22.6

26.5
15.8-43.6

Suspended
Solids

16.7
6.9-23.6

Toilet

27.0
12.5-36.5

18.0
10.9-30.9

Garbage
Disposal

5

BOD

Parameter

POLLUTANT MASS LOADING CONTRIBUTIONS OF
MAJOR RESIDENTIAL WASTEWATER FRACTIONS
(g/cap/day)

TABLE 5

4.0

11.2

70.7

63.2

Approximate
Total

lJ1

I-'
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due to garbage disposal activity, toilet activity, and basins, sinks,
and appliances which is most probably representative of graywater.
Based on mass contributions, graywater is the major source of
BOD

5

and phosphorus, toilet water is the major source of nitrogen,

and garbage disposal water and toilet water provide the major contribution to suspended solids.

The pollutant concentration of graywater,

toilet water, and combined flows were studied by Laak (1975), Bennett (1975), Siegrist (1976), Ligman (1974), Olsson (1968), and Brandes (1978) and the results of these studies are summarized in Table

6.
The values in Table 6 were obtained by calculating mean values
for the water quality parameters from various types of residences
with varied occupancies, economic status, and occupant mobility.
Table 6 can also be used as a comparison between graywater physical
and chemical characteristics and septic tank influent by comparing the
''graywater''

column which includes only the flow at sinks, basins,

showers, and laundry appliances while the "combined flow" column includes all household flows.
Bacteriological Considerations
Although graywater contains no toilet water flow or garbage disposal flow, significant quantiti·es of bacteria may exist in the flow
due to clothes laundering and bathing.

Field studies conducted by

Siegrist and Boyle (1981) from the University of Wisconsin show that
total and fecal coliform concentrations from graywater tanks compare

17

TABLE 6
POLLUTANT CONCENTRATIONS OF MAJOR
RESIDENTIAL WASTEWATER FLOWS (mg/l)

Graywater

Toilet

Combined Flow*

BODS

260

280

360

TSS

160

450

400

TKN

17

140

63

TP

26

20

23

105

**

100

Parameter

Oil and
Grease

* Includes garbage disposal wastewater flow.
**None reported.

-

18
closely with measured values in septic tank effluent.

These studies

show total coliforms and fecal coliforms values of 8.48 log No/liter
and 7.20 log No/liter, respectively, for graywater systems compared
to values of 8.38 and 5.27 to 7.18 for septic tank effluent.
The existence of colif orms and especially fecal colif orms in
significant quantities in graywater flows will require important consideration on the reuse and disposal options for graywater systems.

Onsite Treatment/Disposal Concepts
The treatment/disposal concepts for graywater are strongly dependent on the specific installation and location.

For example,

recycle or irrigation may be important where freshwater supplies are
critical and reuse is beneficial.

Also, there may be cases where

the surficial aquifer is closely coupled to a nearby river or lake
and graywater seepage may cause surface water quality degradation.
Therefore, treatment/disposal concepts must be evaluated on the basis
of local conditions.

For this study, two major treatment approaches

were considered:
1.

Treatment concepts for recycle or irrigation systems
which require that the graywater meet environmental
and health constraints for reuse in non-potable functions, and

2.

Treatment concepts for graywater disposal in a surficial aquifer in close proximity or hydrologically
coupled to a surface water body.

19
Recycle Treatment Concepts
The most obvious use of recycled graywater would be for toilet
flushing activities.

This use would save approximately 16.2 (gpcd)

gallons per capita per day or 8.1 MGD for a city of 500,000 people.
Since 16.2 gpcd is only 35% of the total graywater flow, the remaining graywater would be disposed by either irrigation or subsurface
drain fields.
Popkin (1978) studied the major objectionable qualities in graywater and the possible treatment concepts.

The main objectionable

qualities which are applicable to reuse for toilet water are bacteria,
foam, food particles, odor, oil and grease, pH, organic matter, soaps,
suspended matter, and turbidity.

Treatment for these parameters is

necessary for the following reasons:

health (bacteria, organic mat-

ter), aesthetic (odor, foam, turbidity), and maintenance (oil and
grease, soaps, suspended solids).
Siegrist and Boyle (1981) of the University of Wisconsin, and
Ralph, Vanderholm, and Lembke (1979) of the University of Illinois
have proposed the use of sand filters for the above reuse concept.
In addition, a reuse/recycle system would also require (1) a receiving
tank,

(2) a filtered water storage tank, (3) a chlorination or

chemical disinfection system, (4) a drain field for excess graywater
and (5) miscellaneous pumps, valves and piping.
Figure 4 schematically depicts the above treatment concept.

The

receiving tank provides for flow equalization and primary treatment
such as solids settling, BOD reduction, and nitrogen reduction.

The

Fig. 4.

Reuse

Further
Treatment

Surface
Water
Discharge

Residential graywater management options.

Soil Absorption
Alternatives

Sedimentation

Chemical
Addition

Graywater

N
0
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sand filter provides further significant reduction in BOD, COD, TSS,
TKN, turbidity, oil and grease, total coliform, and fecal coliform.
The storage tank provides treated water for recycle with chemical
disinfection prior to reuse.
The system can be installed with the option of diverting filtered
or unfiltered excess graywater to the drain field, depending on local conditions.

This type of system will provide acceptable quality

water for limited recycle functions.
For the above system, the pretreatment prior to subsurface
disposal consists mainly of suspended solids removal in the graywater
receiving tank, followed by BOD, COD, TSS and coliform removal in
the sand filtration system.
When in-house reuse is required, the additional chemical treatment consisting of chlorination insures the control of bacteria and
odor in the water.

The detailed performance of the above components

will be presented in the section on Performance and Efficiencies of
Proposed Graywater Treatment Systems.

Irrigation Treatment Concepts
The use of graywater for on-site irrigation can provide a substantial percentage of the entire irrigation requirement for a household.

This use of graywater will also enhance the conservation of

underground water supplies which are a valuable resource.

Popkin

(1978) studied the feasibility of graywater for lawn irrigation in
single family residential homes.

For example, graywater from a family
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of three can provide approximately 1 inch per week of irrigation to
an area of 1000 ft

2

or 1/3 inch per week to an area of 3000 ft 2 •

The proposed treatment system for this concept closely resembles the system for the reuse/recycle concept, except for the following:
1.

The holding tank for treated (filtered) graywater
will be substantially larger to provide sufficient
holding capacity between periods of irrigation, and

2.

Chlorination or disinfection may not be necessary,
depending on the nature of the irrigation system
and other site specific considerations

For example, the use o"f chlorination in surface irrigation
treatment depends on the nature of the vegetation or area being irrigated.

Irrigation of edible crops or any vegetation which has a high

probability of contacting humans would require chlorination for
health and aesthetic reasons.

However, irrigation of vegetation

which is remote may not require chlorination, since Sherer and
Mitchell (1981) have shown in field studies thatgrasses irrigated
with septic tank effluent at the rate of 1.0 to 1.5 gallons/day/square
foot show negligible total and fecal coliform concentrations approximately four to five hours after

irrig~tion.

Subsurface Disposal Concepts
In this case, it is desired · to dispose of the graywater onsite
through a subsurface drainfield.

For this concept there are two dis-

posal alternatives depending on local environmental conditions:
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1.

Where soils are adequate and no infiltration into
surface water bodies is probable, the treatment/
disposal concept would consist of the graywater
receiving tank and the subsurface drainfield

2.

Where infiltration of surface water bodies is probable, the treatment/disposal concept would consist
of the graywater receiving tank, a filtration system,
and a subsurface drainfield

For Case 1, minimal treatment is provided by the graywater receiving tank (TSS and BOD reduction) while the subsurface drainfield
provides the final treatment.
For Case 2, the high probability of infiltration into surface
waters or the lack of adequate soils for subsurface disposal requires
additional treatment.

This treatment can be provided by filtration

which substantially reduces the TSS, BOD, COD, and total and fecal
coliforms in the graywater effluent.

Performance and Efficiencies of
Proposed Graywater Treatment Systems
The main components of the recycle treatment system shown in
Figure 5 are:

(1) the receiving tank, (2) the filter system, (3)

the treated water storage tank, (4) the disinfection system, and
(5) the drainfield.

The treatment efficiency for each component will

now be considered.

Graywater Receiving Tank
In a graywater treatment system, the receiving tank performs
the function of TSS removal with some removal of BOD and COD.
and Boyle (1981) have measured the perf~rmance of two graywater

Siegrist
re-

ceiving tanks, and the treatment efficiencies are shown in Table 7.

Graywater

Treated

Graywater
Influent

Pump

Fig. 5.
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~

I-

Feed
System

~hemical

~

Sand
Filter

Filtered
Storage Tank

Graywater

Drainf ield

Graywater reuse/recycle treatment system.

Chamber

Contact

Receiving Tank

N

.+:-..

622
136
18.4
4.5
4.8

COD (mg/l)

TSS (mg/l)

TKN (mg/l)

NH H (mg/l)
4

TP (mg/l)

7.09

7.96

6.8-7.6

3.2

10.3

18.6

52

502

216

Effluent

Home 1

Siegrist and Boyle, 1981.

7.28

Fecal Coliform
(log/I/liter)

SOURCE:

7. 90

Total Coliform
(log/I/liter)

pH

291

Influent

BOD (mg/l)

-

Parameter

8. 96

7.31

7.78

6.4-7.5

5.5

5.5

13.1

9.91

11.9

1.6

-33

17.4

139

62
None

409

600

19
38

139

Effluent

271

Influent

26

% Removal

Home 2

GRAYWATER RECEIVING TANK TREATMENT EFFICIENCY

TABLE 7

54

--

25

73

32

49

% Removal

N
V1
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The graywater tanks shown in Table 7 had the following capacities and detention times:
Home 1
Capacity (gal.)

524

Detention Time (days)

Home 2

280

6.2

6.9

Although the above homes had the same potable water supply, similar sources

of graywater and approximately the same detention time

in the graywater receiving tank, the effluent water quality varies

considerably between these two tanks.
not provide any

Siegrist and Boyle (1981) do

reasons for this variation in effluent water quality;

however, a review of the original data shows that the data from Home

1 was obtained between November 1979 to February 1981 while data
from Home 2 was obtained between September 1979 and November 1980.
Therefore, the data from Home 1 is based on a larger number of samples (approximately 22 samples versus 9) taken over a longer time period, and are probably more representative of true operational performance.
Siegrist and Boyle (1981) stated that graywater recei·ving tank
effluent possess approximately the same water quality as septic tank
effluent.

Siegrist and Boyle compared their effluent measurements

to the data of Brandes (1978) and Kristiannsen

et al. (1979).

Table

8 from the EPA Design Manual (October 1980) sunnnarizes septic tank
effluent from numerous field studies.

A comparison between the gray-

water tank effluent in Table 7 and the septic tank effluents of Table
8 indicate the following:

138
7-480
150
327
25-780
152
49
10-695
148
45
9-125
99

BOD5
Mean, mg/l
Range, mg/l
No. of samples

COD
Mean, mg/l
Range·, mg/l
No. of samples

Suspended Solids
Mean, mg/l
Range, mg/l
No. of samples

Total Nitrogen
Mean, mg/l
Range, mg/l
No. of samples

--

---

155a
43-485
55

----

138a
64-256
44

10 Tanks

51

36

--

51

--

101

----

51

--

140

19 Sites

--

---

95b
48-340
18

---

--

240b
70.385
21

4 Sites

SOURCE:

EPA 6251/1-80-012, October 1980.

b Calculated on the basis of a log-normal distribution of data.

a Calculated from the average values from 10 tanks, 6 series of tests.

7 Sites

Parameter

EPA SUMMARY OF SEPTIC TANK EFFLUENT STUDIES

TABLE 8

---

--

39
8-270
47

200
71-360
50

120
30-280
50

1 Tank

N

.......
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1.

Septic tank effluent is generally higher in TSS
and total nitrogen

2.

Graywater effluent is higher in COD and phosphorus

3.

BOD effluent appears comparable between both systems

In general, the effluent from graywater receiving tanks can be
assumed to be of the same water quality of septic tank effluent
for the purposes of designing treatment systems or disposal systems.

Filters
Sand filter systems have been proposed and tested for the treatment of graywater and combined septic tank effluent.

Most of the

field testing of sand filters for onsite treatment involved the use
of intermittent sand filters.

Intermittent sand filters consist

of beds of granular materials 2 feet by 3 feet in depth which are
underlain by graded gravel and collecting tiles.

The wastewater is

applied intermittently to the surface of the filter bed by a series
of pipes or troughs.

The entire surface of the bed is usually

flooded to obtain a tmiform distribution.
Intermittent filters may be designed and installed as open filters to provide free access to the filter bed or they may be buried
below grotmd with difficult and limited access.

The filter granular

media provides physical straining ~nd sedimentation of solid materials
from the wastewater.

Also, the existence of soil media in a filter

may provide sorption of soluble pollutants due to biological growth.
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Siegrist and Boyle (1981) evaluated the use of intermittent
sand filters with effluent from graywater receiving tanks at four
Wisconsin homes.

The results of this testing are shown in Table 9.

Although the quantity of field testing is limited for graywater applications, intermittent sand filters appear to provide a high degree
of removal for BOD, COD, TSS, turbidity, and total and fecal coliforms.
The EPA Design Manual (October 1980) has proposed the use of
buried and free access intermittent sand filters for the onsite treatment of septic tank effluent.

Typical designs for both concepts are

presented in Figures 6 and 7.

In general, the performance of both

types of filters is comparable for the removal of BOD, TSS, NH N
3
and N0 N.
3

However, the

free access filter can be subjected to signi-

ficantly higher hydraulic loading rates than the buried filter.

This

is due mainly to the fact the media for the free access filter can
be raised or disturbed on a regular basis to prevent plugging and/or
clogging, thereby increasing filter life.

Therefore, buried filters

should be operated at lower hydraulic loading rates to increase filter
life.

Disinfection System
Disinfection of graywater for recycle

and irrigation systems

is necessary to destroy pathogenic organisms in the wastewater which
may cause infections or sickness in humans.

Disinfection may also

be required for disposal in areas where seepage into surface water

0-1.0
2.6-12.8

5.30-6.95
3.18-6.18

0.3
5.9
2
6.34
4.78

7
7
5
6
3

mg .N/l
mg N/l
NTU
Log# I liter
Log/I/liter

NH N
4

N0 N
3

Turbidity

Total Coliform

Fecal Coliform

43c

15.Sc

96

54

6.91

SOURCE:

Siegrist and Boyle, 1981.

99

97

--

7."84

--

a 39 crn/d through 68 cm of coarse sand, E.S. = 1.37 mm, U.C. = l.?O
b Mean septic tank effluent during filter run
c Total Nitrogen

1-4

1.2-5.2

3.0

7

mg N/l

TKN

89

46

0-14

5

7

mg/l

TVSS

83

60

4-17

10

7

mg/l

TSS

78

528

11-313

97

112

7

mg/l

COD
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2-9

6

6

%R

Range

Mean

Influent a

Removal

No.

Sand Filter Effluenta

mg/l

Unit

BODS

Parameter

EFFICIENCY OF SAND FILTRATION OF GRAYWATER

TABLE 9
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Buried intermittent filter installation.
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bodies may result in potential contacts between individuals and
pathogenic organisms.
The design of the disinfection process must provide effective
control for the most resistant pathogen likely to be present in the
graywater effluent.

Upstream processes such as sand filtration may

significantly reduce the number of pathogenic bacteria or indicator
bacteria (total or fecal coliform), but disinfection may be necessary to reduce the risk of health problems.
Currently, chlorine and iodine are the most efficient oxidizing
agents available for onsite disinfection systems.

They possess the

qualities of being able to destroy most organisms at rapid rates
and at relatively low concentrations.

The performance of the chlorine

and iodine disinfectants is dependent on disinfectant residual concentration, contact time, wastewater characteristics, nature of pathogenic bacteria, and wastewater temperature.

The EPA Design Manual

(October 1980) reconnnends a minimum chlorine concentration for disinfection of 10-20 mg/l for a contact time of one hour and a graywater
temperature of 20° C.

The above dosage is designed for sand filter

effluent and may be significantly higher (40-55 mg/l) for untreated
septic tank or graywater tank effluent.
There are three methods curre~tly available on the commercial
market for feeding disinfectants for onsite applications.

They are:

(1) the stack or tablet feed system, (2) liquid feed system for chlorine, and (3) a saturater system for iodine.

The stack feed system
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and the liquid feed system using chlorine are the most commonly available systems.

Treatment System Selection
For the reuse and irrigation of graywater systems, the combination
of receiving tank, sand filter and disinfection feed and contact tank
provide acceptable water quality for toilet flushing and lawn irrigation.
For the case of graywater disposal in areas where surf ace water
quality may be degraded, the combination of receiving tank, sand filter, and drain field should provide adequate protection for surface
waters.

For cases where surface water bodies are within 100 feet of

onsite graywater systems, a disinfection treatment system may be required (Romero 1970).
In cases where reuse or irrigation are not considered, and no
surface degradation is probable, the use of a receiving tank and drain
field may be an acceptable treatment option.

Operation and Maintenance Requirements
of Onsite Treatment Systems
The installation of graywater treatment systems for disposal
and/or recycle requires the introduction of operation and maintenance
procedures to insure that systems perform to the desired efficiencies
such as 90% removal for TSS, 85% removal for BOD, and greater than
95% removal for coliforms.
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This is especially true for graywater systems since installation
may occur on a large scale basis and the potential impacts to health
for the cases of recycle and irrigation, and to grotllldwater and surface water quality for the cases of disposal, may be significant.
Also, the introduction of additional onsite treatment components such
as filters and disinfection chambers which include motors, pumps and
valves requires that more conscientious operation and maintenance
procedures be followed by the onsite owner/operator.

For example,

improper maintenance of the graywater pretreatment/receiving tank
will cause premature and serious failure of the filter system.
Table 10 presents some minimum operation and maintenance procedures for the graywater system components discussed in the previous
sections.

This table shows the filter system and the disinfec-

tion and maintenance requirements to insure satisfactory performance.
It is also required that the final system effluent be sampled
and analyzed for major pollutant concentrations on a regular basis.
The nature of the sampling and chemical analysis is strongly dependent on the location and nature of treatment system.

For example,

recycle or irrigation water should be tested on a regular basis for
total and fecal coliforms to evaluate the system's effectiveness in
removing any pathogenic organisms.
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TABLE 10
OPERATION AND MAINTENANCE REQUIREMENTS
FOR GRAYWATER TREATMENT SYSTEMS

System Component

O/M Requirement

Receiving/Pretreatment
Tank

Pumping of solids and inspection on a 1-year to 2-year
basis.

Filter Media
(free access)

Raking of surf ace approximately
every 3 months about 3 inches
deep. Replace top 2 to 3 inches
of sand every 2-3 months; or
rest 2 months with alternate
unit in operation.

Disinfection Feed/
Contact Chamber
(pumps and controls
timer)

Inspect and check every 3 months.
Check and adjust every 3 months.

Other pumps, valves,
and motors

Inspect every 3 months and maintain according to equipment
schedule.

CHAPTER III
POTENTIAL IMPACT ON WASTEWATER TREATMENT FACILITIES

The introduction of · graywater systems into existing sewered
areas or areas planned for future sewered systems may have a significant impact on the existing system operation, performance and the
design of future systems.

Substantial data on the impact of waste-

water flow reduction was obtained by the EPA in northern California
during 1976 and 1977 for thirteen wastewater collection systems and
treatment plants.

This reduction in wastewater flow was due to an

intensive water conservation effort during the acute drought of 197677.

Although this study was not intended to investigate the effects

of water conservation of graywater systems, the wastewater flow reduction of 40-60% provides an excellent situation for the measurement
of impacts on the performance and operation of wastewater collection
and treatment systems due to graywater systems.
The results of the above study which are presented in EPA 2312600/2-80-137 will be used as the basis f~r the prediction of possible
impacts on Florida wastewater collection and treatment systems due
to the installation of graywater systems.

Impact Due to Reduced Flows
Table 2 in the previous chapter shows that when toilet flushing,
dishwashing, and garbage grinding activities are eliminated, graywater
37
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flows are approximately 57% of the total residential wastewater flow.
Therefore, it can be concluded that the introduction of graywater
systems will result in a 50 to 60% decrease in total wastewater
which reaches the sewer collection and treatment system.

Table 11

summarizes the measured flow reduction for twelve sewer systems in
the EPA California study.

These California plants reported flow re-

ductions from 10 to 52%.
Table 12 summarizes the impact of the flow reduction on the
wastewater collection systems.

In general, the main problems exper-

ienced in the wastewater collection systems were:
1.

Increased detention time of the waste in the sewer
lines due to lower flow velocities resulting in
biological decomposition in lines and significant
odor, and

2.

Deposition of excessive solids in the sewer lines
due to lower flow velocities

A review of the specific problems documented by the systems in
Table 12 also yields the following general conclusions:
1.

Collection systems with flow reductions of less
than 35% appear to have no problems with the
exception of one, and

2.

The smaller the collection system capacity (<5.0 MGD),
the greater the probability of problems for flow reductions greater than 35%

In the cases listed in Table 12, the odor and solids settling
problems were solved by (1) the addition of chemicals to the collection to delay biological decomposition and (2) the flushing or cleaning of lines on a regular basis to increase flow volumes and flush
out settled solids.

Although these solutions proved satisfactory,

1

1

3
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>20

22.3 (17 to 29)

27.0

49.0

35.1 (10 to 63)

(%)
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EPA Northern California Study.

10

<5

SOURCE:

Number of Plants
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TABLE 11
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SOURCE:
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Excessive odor in lines and
lift stations

56

3

None

Solids settling in lines

Problem

41

Average Flow Reduction
(%)

4

Number of Collection Systems

SUMMARY OF PROBLEMS IN WASTEWATER COLLECTION
SYSTEMS DURING PERIODS OF REDUCED FLOW

TABLE 12

+:"0
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they required additional operational and maintenance costs for the
collection system.
Significant reduction in wastewater flows may also have an effeet on the operation and maintenance of the wastewater treatment
plant.

Table 13 summarizes the problems which wastewater treatment

plants experienced in the EPA California study.

These problems can

summarized as follows:
1.

Excessive grit loading in primary clarifiers

2.

Odors in primary and secondary clarifiers

3.

Odors in wet wells and/or sludge thickener

4.

Bulking in clarifiers due to excessive filamentous
bacterial growth in the aeration tanks

Table 14 presents the action required to eliminate the above
treatment plant problems.

These solutions required additional chem-

ical and maintenance time expenditure; therefore, involved increased
operational and maintenance costs.
Influent Water Quality
Impact on Treatment Efficiencies
Reviewing the water quality data of Table 6 in the previous chapter, elimination of graywater flow to the treatment plant will result
in concentration increases in BODS' TSS, and TKN, while TP and oil
and grease concentrations will decrease.
Tables lS and 16 from the EPA California study show the measured
changes in BODS and TSS influent concentration for fourteen treatment
plants.

It can be concluded from this data that (1) all plants except

one measured the expected increase in BOD

5

influent concentration, and

40

45

23

4

2

7

SOURCE:

EPA Northern California Study.

* Some plants experienced more than one problem.
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(%)

Average Flow Reduction

4

Number of Treatment Plants*

None

Excess grit loading to primary clarifiers.

Bulking in clarif iers due
to excessive filamentous
bacteria growth in aeration tank.

Odor in primary and secondary clarifiers.
Odor in wet well. Odor
in sludge thickners.

Problem

SUMMARY OF PROBLEMS IN WASTEWATER
TREATMENT SYSTEMS DURING PERIODS OF REDUCED FLOW

TABLE 13
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Added chlorine.
Added chlorine. Reduced mean cell
residence time in aeration tanks.

Odor in wet well or sludge thickener.
Bulking in clarif iers due to excessive filamentous bacteria
growth in aeration tanks.

EPA Northern California Study.

Added chlorine.

Excessive odor in lines and lift
stations
SOURCE:

More frequent flushing of line.

Solids settling in lines

Action

Added chlorine. Recirculated
primary effluent to headworks.

Odor in primary and secondary
clarifiers

Problem (Collection Systems)

Dewatered clarifier and pressurehosed off silt, or stepped up
sludge draw-off rate.

Action

Large grit load after first heavy
rain clogged sludge draw-off line

Problem (Treatment Plants)

SUMMARY OF COLLECTION AND TREATMENT SYSTEM
PROBLEMS AND CORRECTIVE ACTION DUE TO REDUCED FLOWS

TABLE 14

~
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TABLE 15
CHANGE IN INFLUENT BIOCHEMICAL OXYGEN DEMAND (BOD)
CONCENTRATION DUE TO WASTEWATER FLOW REDUCTION

Treatment Plants

BOD
(mg/l)
Base Year

BOD
(mg/l)
After Flow
Reduction

BOD
Percent
Change

-

San Rafael S.D.

206

375

+82

Las Gallinas Valley
S .A.

218

319

+46

Novato S.D.
Novato Plant
Ignacio Plant

237
219

246
268

+ 4

East Bay MUD, S.D. #1

300

433

+44

Carmel S.D.

213

331

+44

County of Sacramento
Arden Plant

164

220

+34

West Contra Costa S.D.

226

302

+34

Oro Loma S.D.

188

248

+32

City of Palo Alto

149

177

+19

County of Sacramento
Cordova Plant
S.C. #6 Plant
Northeast Plant
Meadowview Plant

291
256
175
199

418
235
223
213

+43
- 8
+27

SOURCE:

EPA Northern California Study.

+22

+ 7
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TABLE 16
CHANGE IN INFLUENT SUSPENDED SOLIDS (SS)
CONCENTRATION DUE TO WASTEWATER FLOW REDUCTION

Treatment Plants

SS
(mg/l)
Base Year

(mif1)
After Flow
Reduction

SS
Percent
Change

San Rafael S.D.

278

521

+87

Las Gallinas Valley S.D.

224

253

+13

Novato S.D.
Novato Plant
Ignacio Plant

387
375

340
337

-12

East Bay MUD, S.D.#1

241

384

+59

Carmel S.D.

283

344

+22

County of Sacramento
Arden Plant

164

193

+18

West Contra Costa S.D.

196

260

+33

Oro Loma S.D.

290

339

+17

City of Palo Alto

181

213

+18

501

635
311
189
192

+26
-18

County of Sacramento
Cordova Plant
S.D. #6 Plant
Northeast Plant
Meadowview Plant

SOURCE:

379
180

183

EPA Northern California. Study.

-10

+ 5
+ 5
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(2) eleven of the fourteen plants measured increases in TSS influent
concentrations.
Although the above data shows significant increases in influent
BODS and TSS concentrations, 33.7% and 27.S%, respectively, the
sunnnary data in Tables 17 and 18 show that a majority of the treatment plants experienced slight increased removal efficiencies for
the above pollutants.

The subject study gives no reasons for fhe

increase in BODS and TSS treatment efficiencies, however, the following reasons are proposed:
1.

The significant decrease inraow to the plants caused
an increase in hydraulic detention times at each plant

2.

Although the influent BODS and TSS concentrations increased, the decrease in overall flow caused a net decrease in BODS and TSS mass loadings (kg/day/capita).

3.

F/M ratio ·may have decreased or mean cell residence
time may have increased resulting in increased BOD
5
treatment efficiency.

Changes in Operational and Maintenance Cost of
Wastewater Collection Systems and Treatment Plants
As previously discussed, the decrease in wastewater flows
caused significant operational problems in both the wastewater collection systems and the treatment plants.
For the case of the wastewater . collection systems, the problems
of odors and solids settling were solved by (1) addition of chemicals
(chlorine or other oxidizing chemicals) and (2) cleaning or flushing
of the lines.

These solutions required additional O&M expenditure

for chemicals, personnel, materials, equipment and administration.
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TABLE 17
PERCENT REMOVAL OF BOD

Treatment Plants

BOD
(mg/l)
Base Year

BOD
(mg/l)
After Flow
Reduction

BOD
Percent
Change

San Rafael S.D.

91

97

+6

Las Gallinas Valley S.D.

88

92

+5

Novato S.D.
Novato Plant
Ignacio Plant

94
93

91
95

-3
+2

Carmel S.D.

92

90

-2

County of Sacramento
Arden Plant

96

97

+l

West Contra Costa S.D.

98

99

+l

Oro Loma S.D.

89

90

+l

City of Palo Alto

93

94

+l

County of Sacramento
Cordova Plant
S .D. 116 Plant
Northeast Plant
Meadowview Plant

97
94
92
90

98
94

+l

95

+3

92

+2

SOURCE:

EPA Northern California Study.

0
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TABLE 18
PERCENT SS REMOVAL

Treatment Plants

SS
(mg/l)
Base Year

SS
(mg/l)
After Flow
Reduction

SS
Percent
Change

San Rafael S.D.

91

97

+6

Las Gallinas Valley S.D.

87

91

+5

Novato S.D.
Novato Plant
Ignacio Plant

95
93

94

-1

95

+2

Carmel S.D.

92

92

0

County of Sacramento
Arden Plant

95

96

+l

West Contra Costa S.D.

97

97

0

Oro Loma S.D.

91

94

+3

City of Palo Alto

90

94

+4

County of Sacramento
Cordova Plant
S.D . #6 Plant
Northeast Plant
Meadowview Plant

98
94
94

99
95
95
86

+l
+l

SOURCE:

86

EPA Northern California Study.

+2
0
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However, these increases in cost must be balanced by the energy savings which resulted from the decreased flows in the collection systems.

These energy savings were a result of the decrease in pumping

time at the collection system lift stations, and ranged from 2.7%
to 44.8% decrease in power consumption with an average of 19.3% per
collection system (EPA).

The combination of increased cost due to

chemicals and flushing and decreased energy costs resulted in ~ net
decrease in O&M costs for each collection system due to a decrease
in wastewater flow.
Figure 8 shows a linear regression curve for the collection system's O&M cost reduction as a function of flow reduction.

This data

shows that the collection systems experienced decreases in overall
O&M costs from 0 to 3%, with the 3% maximum occurring for a 50% reduction in wastewater flow.

For the case of this collection system, the

energy costs reduction caused an overall decrease in O&M costs for
the system.
For the case of the treatment plants, the conclusions are not as
obvious.

As in the case of the collection systems, the treatment

plants experienced significant changes in chemicals used and pumping
energy.
Chemical consumption in the t~eatment system is determined by
the quantity flow and the particular problem associated with treatment
of the wastewater.

In general, reduced wastewater flows changed the

chemical consumption at the treatment plants involved in the study.
The decreased flows reduced chlorine and sulfur dioxide consumption,

so
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which are used for disinfection and dechlorination, respectively,
but reduced flows also increase the use of chlorine and coagulation
chemicals to overcome the problems of odor and excessive filamentous bacterial growth.

The overall affect of reduced flows on chem-

ical plant consumption are shown in Figure 9.

This figure shows the

9 plants that experienced a net increase in chemical consumption
and the 4 other plants that experienced a decrease in overall chemical consumption.
As in the case of the collection systems, wastewater flow reductions produced decreases in energy consumption for treatment plant
operations.

Figure 10 shows a linear regression line for the change

in energy consumption with reduction in wastewater flow.
When the chemical consumption changes and energy consumption
changes are combined for these treatment plants, the resulting net
change in O&M costs are shown in Figure 11.

This figure shows that

4 plants experienced a net increase in O&M costs while 8 plants experienced net decreases and 1 plant experienced no net change in O&M
costs.
The results for the treatment plants are not conclusive as the
net O&M cost reductions were measured by the collection systems.
This data indicates that the natu~e and operation of the treatment
system may be the dominant factor in the overall O&M cost change,
and that treatment plants must be considered on an individual basis.
The EPA study did not provide detailed information on such factors as type of pump

installation~ chemical unit costs, electrical
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power costs, etc. which would be required to analyze the change in
O&M costs for each plant; however, an EPA report stated:
"The decrease in energy use for the treatment
plants amounted to a maximum of 20% at 50% reduction
in flow due to lower pumping requirements for the
hydraulic load. Use of chemicals ranged from a decrease of 30% to an increase of 50%. The overall
O&M costs ranged from a decrease of about 5% to an
increase of about 4%. For treatment plants that
experienced higher costs, increased use of chemical
was the major factor."

CHAPTER IV
IMPACT ON GROUNDWATER

The use of graywater systems on a large scale in areas of high
density housing may have a significant impact on the quality of
the surficial aquifer.

The quantity and type of pollutants which

enter the groundwater is dependent on the treatment/disposal concept
as discussed in Chapter 2.

However, as discussed in Chapter 2, gray-

water contains substantial quantities of physical and chemical pollutants as well as pathogenic indicator organisms to be of concern.
The movement of pollutants in groundwater systems is dependent
on the following variables:
1.

Type of soil which defines size of pores and
fissures. These pore sizes determine soil capacity to strain out suspended solids and pore velocity of water which define the distance of pollutant travel

2.

Absorption by organisms in soil

3.

Absorption by the soil through (a) Van der Waals
force and available surface area, and (b) ion exchange in soils

4.

Hydraulic loading which defines flow velocity
and pollutant travel distance and velocity

5.

The characteristics of wastewater which define
the pollutant concentrations and nature of pollutants and their potential life cycle

A review of the graywater pollutant characteristics presented
in Chapter 2 indicates that pathogenic organisms, and nitrogen/
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nitrate are potentially the most detrimental to groundwater systems
while phosphorus is potentially detrimental to surface water systems.

Pathogenic organisms and nitrate may threaten future potable

surface water and groundwater supplies because of their health implications, while phosphorus may threaten surface water supplies and
aquatic systems through eutrophication.

Pathogenic Organisms
Laak (1980) states that the survival time for disease causing
organisms in groundwater may be 3 to 6 weeks depending on the nature
of the organism, and the local environmental conditions.

The main

removal mechanisms for organisms in groundwater are (1) bacterial
death rate,

(2) filtration by soil pore spacing, (3) absorptions,

and (4) microbial interactions.
Bacterial organism death rate can be expressed as:
N

t

=

N e-kt

(1)

0

where:
Nt

numbers present after time t, days

N

= number present at time 0

k

=

0

t

death rate constant
time, days

For k values of 0.10/day to 0.20/day, 99% reduction in number
organisms occurs in three to six weeks which may be sufficient time
for organisms to travel from 50 to 100 feet in the water table without other soil attenuation mechanisms.
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Most soils develop a bio-crust or mat which is a very efficient
filter in removing bacteria which range from 5-8 µm in size.
which are less than 0.2 µm . are more difficult to filter.

Viruses

Some viruses

and bacteria are also absorbed to the surface of clay particles in
the soil.

This mechanism allows the water to move faster than the

organism, which delays the advance of the organism and allows death
to occur without extensive dispersion in the surficial aquifer:
Also, microbial competition for survival among organisms also
occurs in soils.

Fortunately, disease causing organisms in the soil

are in a hostile environment in which other organisms are more suited
for survival, therefore, death may occur more rapidly for pathogenic
organisms.
Brown, Slowey, and Wolf (1977) found that coliphage and fecal
coliforms were removed by the passage through 100 cm of most soils.
Green and Cliver (1974) conducted extensive studies of sand columns
in the laboratory to determine the penetration distances of viruses
in soils.

Their results show that polio virus penetration was be-

tween 40 to 60 cm for the sandy soils tested.
From the above data, it can be concluded that under normal
conditions, drainfields should be placed a minimum of 100 feet
from surface water bodies unless disinfection is included in the
treatment.
Nitrogen/Nitrate
Miller (1973) documente:d the existence of nitrate contamination
of groundwater from septic tank drainfields.

Brown, Slowey, and Wolf
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(1977) concluded from their field tests that the septic tank discharge of nitrogen was primarily in the form of ammonia.

Under

anaerobic conditions, the ammonia accumulated in the soil and traveled in the groundwater as NH

+
4

or NH .
3

However, if oxidizing

conditions were present in the soil, ammonia was converted to nitrate
which then can be dispersed through normal groundwater movement.
Since graywater contains only approximately 10 to 20% of the
nitrogen/ammonia as combined wastewater, the nitrate impact on
groundwater should be significantly less than for septic tank discharge.

Phosphorus
Table 6 showed that graywater TP (total phosphate) concentration
exceeds septic tank or combined flow TP concentrations.

Groundwater

studies for septic tank drainfields by Peavy and Groves (1977), and
Brown, Slowey and Wolf (1977) show that phosphorus moved slowly
through soils but rapidly through sand aquifers with little or no
attenuation in the water table.

This data indicates that phosphorus

may behave as a conservative pollutant in surficial sand aquifers.
This characteristic is especially important in cases where groundwaters may discharge or seep into surface water bodies.

Summary
The above data survey indicates that the three major septic
tank or graywater effluents, bacterial organisms, nitrogen/nitrate
and total phosphorus, impact the environment in the following manner:
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I.

Bacterial organisms do not migrate a significant
distance in most soils and surficial aquifers.

2.

If graywater annnonia is converted to nitrate, the
nitrates may be transported through groundwater
movement with little attenuation, which may be critical to future potable water supplies.

3.

Phosphorus/phosphates which reached the groundwater
were transported relatively unattenuated in primarily sandy soils which may be critical to surface
water bodies in the vicinity of drainfields in
these soils.

4.

Viruses, which have been found to migrate 50 feet
below ground, may be a critical concern for subsurface graywater .disposal in the vicinity of surface water bodies.

CHAPTER V
GRAYWATER TREATMENT SYSTEM DESIGN AND COST PARAMETERS

Design and cost of onsite collection and treatment systems for
graywater reuse and/or disposal is based on a limited amount of
data.

Most of the design and cost parameters are based on onsite

treatment and/or disposal using septic tanks with combined (blackwater
and graywater) flows.

The data which was obtained for graywater sys-

tems is based on field testing in Wisconsin and reported by Siegrist
and Boyle (1981) and EPA-625/4-77-011 (October 1977).

The difficulty

with using the above sources of data for the design and costing of
graywater treatment and disposal systems in Florida is two-fold:
1.

The information may be site specific and applications in Florida may vary from conditions experienced
in Wisconsin

2.

Many of the graywater systems which were field tested
were designed on the basis of septic tank effluent
flows and quality and do not represent true graywater
systems

However, in spite of the above difficulties, design and cost
guidelines will be proposed for graywater onsite treatment and disposal systems.

Graywater System Component Design
As discussed in Chapter 2, the main components of the graywater
treatment/disposal system are the receiving tank, the sand filter,
the soil absorption system or drainfield, and the chemical aisinfection
61
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system, if required.

The design criteria for each component shall

be presented in the following sections.

Graywater Receiving Tank
Studies in the EPA Design Manual (October 1980) use septic tank
sizing as a guideline for graywater onsite pretreatment.

Siegrist

and Boyle (1981) used a receiving tank with a detention time of
approximately six days to evaluate graywater pretreatment results.
The resulting tank sizes for both criteria are presented in Table 19
and a typical design is presented in Figure 12.

Again, the locations

of inlet and outlet elevations for this design are based on the
sludge and scum criteria for septic tanks.

The use of the approach

would be conservative for designing graywater receiving tanks.

Sand Filters
The EPA Design Manual (October 1980) suggested design criteria
for buried and free access intermittent sand filters are presented in
Table 20.

These design criteria apply to the filter configuration

discussed in Chapter 2.

In general, buried filters should be re-

stricted to less than 1.0 gpd/ft2 of filter area, while free access
filters can be operated as high as 5.0 gpd/ft 2 of filter area.

Field

studies by Siegrist and Boyle (1981) at the University of Wisconsin
used hydraulic loading rates of 9 gpd/ft 2 ; however, the filter was
inoperable after 149 days of operation and deep raking of the sand
and chemical treatment was required to rejuvenate the filter.

Based

750
900
1000
1250

1-2 bedrooms, gal.

3 bedrooms, gal.

4 bedrooms, gal.

5 bedrooms, gal.

1400

1300

1158

768

384

University of Wisconsinb
(Siegrist and Boyle, 1981)

b Based on flows in Table 13 and six-day retention time.

a Based on septic tank requirements (FHA, U.S. Public Health Service,
EPA 625/1-8-012, October 1980.

750

Minimum, gal.

Septic Tank Criteriaa

TYPICAL GRAYWATER/SEPTIC TANK VOLUME REQUIREMENTS

TABLE 19
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Two-compartment graywater receiving tank design.
EPA 625/1-80-012, October 1980.

Bedding

2.0 to 5.0 gpd/ft

2

Minimum level-sedimentation (septic
tank or equivalent)

Free Access Filters

Open joint or perforated pipe

Open joint or perforated pipe
0.5 to 1.0 percent
Washed durable gravel or crushed stone
(1/4 to 1-1/2 in.)
Upstream end

Troughs on surface; splash plates at
center or corners; sprinkler distribu
ti on
Flood filter tb 2 inches; frequency
greater than 2 per day
Dual filters, each sized for design
flow; single filter

Open joint or perforated pipe
0.5 to 1.0 percent
Washed durable gravel or crushed stone
(1/4 to 1-1/2 in.)
Upstream end

Washed durable granular material
Washed durable granular material (less
than 1 percent organic matter by weight) (less than 1 percent organic matter
by weight)
0.50 to 1.00 mm
0·. 35 to 1.00 mm
<4.0 (<3.5 preferable)
<4.0 (<3.5 preferable)
24 to 36 inches
24 to 36 inches

Washed durable gravel or stone (3/4
to 2-1/2 in.)
Downstream end
Venting
Flood filter; frequency greater than
Dosing
2 per day
SOURCE: EPA 625/1-80-012, October 1980.

Distribution
Material

Venting

Underdrains
Material
Slope
Bedding

Effective Size
Unif. Coeff.
Depth

Media
Material

Buried Filters

Design Criteria
Minimum level-sedimentation (septic)
tank or equivalent)

Hydraulic Loading
2
All year
< 1. 0 gpd/ft2
Seasonal
<2.0 gpd/ft

Pretreatment

Item

DESIGN CRITERIA FOR FREE ACCESS AND BURIED INTERMITTENT FILTERS

TABLE 20

V'1

Q'\
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on the above experience, hydraulic loading rates of 1 gpd/ft2 for
buried filters and 5 gpd/ft

2

for free access

filters should be

acceptable.

Drainf ields (Soil Absorption Systems)
Soil disposal systems criteria for graywater are extremely
site specific and existing design data is based on field data for
septic tank effluent.

The EPA Design Manual (October 1980) proposes

the use of the trench system and bed systems for subsurface soil disposal.
In general, the criteria for the location and design of the system is defined in Table 21.

The type of soil, the elevation of the

water table during the wet season, and the location of the drainfield
with respect to surface water, water supply wells, and man-made obstructions may play a major part in the design or location of the
drainfield.
The recommended hydraulic application rates for the trench and
bed soil disposal systems are shown in Table 22.

The graywater appli-

cation rate is based on the measured percolation rate of the soil.
For Florida type soils with percolation rates of 5 to 15 minutes per
inch would allow wastewater application rates of between 1.2 to 0.8
gpd/f t

2

.
Chlorination System

For the cases where chlorination is required prior to reuse
or irrigation a chemical feed system, a contact chamber, pump, and

Soil
Texture

Typical Horizontal Separation
Distancesb
Water Supply Wells
Surface Waters, Springs
Escarpments, Man-made cuts
Boundary of Property
Building Foundations

Slopea

Landscape Positiona

Item

ft
ft
ft
ft
ft
Soils with sandy or loamy textures are
best suited. Gravelly and cobbley soils
with open pores and slowly1permeable
clay soils are less desirable.

50 - 100
50 - 100
10 - 20
5 - 10
10 - 20

0 to 25%. Slopes in excess of 25% can
be utilized but the use of construction
machinery may be limited. Bed systems
are limited to 0 to 5%.

Level, well-drained areas, crests of
slopes, convex slopes most desirable.
Avoid depressions, bases of slopes and
concave slopes unless suitable surface
drainage is provided.

Criteria

SITE DESIGN CRITERIA FOR TRENCH AND BED DISPOSAL SYSTEMS

TABLE 21

°'
.......

1-60 min/inch (average of at least 3 percolation tests).c Systems can be constructed
in soils with slower percolation rates,
but soil damage during construction must be
avoided.

Percolation Rate

c Soils with percolation rates less than 1 min/inch can be used for trenches
1
and beds if the soil is replaced with a suitably thick (greater than 2 feet)
layer of loamy sand or sand.

b Intended only as a guide. Safe distance varies from site to site, based
on topography, soil permeability, groundwater gradients, geology, etc.

Landscape position and slope are more restrictive for beds because of the
depths of cut on the upslope side.

2 to 4 feet of unsaturated soil should
exist between the bottom of the system and
the seasonally high water table or bedrock.

Unsaturated Depth

a

Soils exhibiting layers with distinct textural or structural changes should be carefully evaluated to insure water movement
will not be severely restricted.

Bright uniform colors indicate well-drained,
well-aerated soils. Dull, gray or mottled
soils indicate continuous or seasonal saturation and are unsuitable.

Color

Layering

Strong granular, blocky or prismatic structures are desirable. Platy or unstructured
massive soils should be avoided.

Structure

TABLE 21 (Continued)

00

°'
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TABLE 22
RECOMMENDED RATES OF WASTEWATER APPLICATION
FOR TRENCH AND BED BOTTOM AREAsa

Percolation
Rate
(min/in.)

Soil Texture

Application
Rateb
(gpd/f t2)

1

Not suitablec

Coarse to medium sand

1- 5

1.2

Fine sand, loamy sand

6-15

0.8

Sandy loam, loam

16-30

0.6

Loam, porous silt loam

31-60

0.45

61-120

0.2e

Gravel, coarse sand

Silty clay loam, clay loam

a

b

d

May be suitable estimates for sidewall infiltration rates.
Rates based on septic tank effluent from a domestic waste
source. A factor of safety may be desirable for wastes of
significantly different character.

c Soils with percolation rates less than 1 min/inch can be
used if the soil is replaced with a suitably thick (greater
than 2 feet) layer of loamy sand or sand.
d Soils without expandable clays.
e These soils may be easily damaged during construction.
SOURCE:

EPA 625/1-80-012, October · 1980.
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storage tank are required as discussed in Chapter II.

Chlorine re-

quirement can be calculated based on the concentration guidelines
in EPA Design Manual (October 1980).

Using these concentrations

and the wastewater flow rate, liquid or solid chlorine requirements
can be determined.

For example, for a design ..; chlorine. dosage of

20 mg/l at a pH of

7

and 200 gpd of wastewater, 0.027 gal/day of

15% liquid NaOCl would be required or 5.4 tablets per day of 115 g/
70% Ca(OC1)

2

tablets.

Contact chambers should provide good mixing and a minimum retention time of one hour based on the chlorine concentrations from above.
If higher chlorine concentrations are used, the contact time can be
reduced and the size of the contact chamber can be reduced.

The EPA

Design Manual (October 1980) suggests the use of plastic, fiberglass,
or concrete pipe placed vertically with a simple baffle system.

The

required volume of the contact chamber can be determined based on
the wastewater flow rate and required retention time.

For example,

a recycle or irrigation flow of 300 gallons per day on a continuous
basis would require a contact chamber volume of 12.5 gallons, or if
300 gallons were recycled in six hours, a contact chamber volume
of 50 gallons would be required.
Systems C"ost
Again, the cost of graywater treatment/disposal systems is
especially site specific and no information is currently available
for Florida.

Data from graywater onsite treatment installations in
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Wisconsin (EPA 625/4-77-011, October 1977) and adjusting for infla- ·
tion, cost data were prepared for the various components in a graywater treatment/disposal system.

These costs are presented in Table

23.
Typically, a 3-bedroom house occupied by five people would require a graywater receiving tank of 1000 gallons for a flow of 161
gal/day.

Assuming a free access filter with a hydraulic loading rate

of 5 gpd/ft
200 ft

2

2

would require 32.2 ft

of drainfield.

2

of filter area and approximately

The installed cost of this simple 'system

would be as follows:
Graywater Receiving Tank

$543 to $700

Sand Filter

740 to

998

Soil Absorption System

310 to

388

TOTAL:

$1593

$2086

For cases of chemical treatment for reuse or irrigation, the
cost may be substantially higher as presented in Table 23.

Also,

the above example system would have an O&M cost of $68 per year.

1560 to 1860
775 to 930
1.55 to 1.94/ft

Chlorine Feed System
and Contract Chamber
Pump, Controls, Tank
Soil Absorption System

2

0

46c

40b

1.6 per ft

16
2

O&M Costs ($/yr)

Chemical cost only.

c 0.1 KWH per day@ 7¢ per KWH (does not include pump replacement cost)

b

a Cost data based on EPA 625/4-77-011 for 1977 with correction of 1.55 for
March 1983.

2

23 to 31 per feet

543 to 700 per 1000 gallons

Sand Filter

Receiving Tank

Installed Capital Cost ($)

ONSITE TREATMENT/DISPOSAL SYSTEMS COSTSa

TABLE 23

........,

N

CHAPTER VI
CONCLUSIONS

Based on the review of the existing graywater data presented in
this report, it can be concluded that:
1.

Graywater quantities may be appreciable and significant water savings can result from its reuse or
recycle and flows to wastewater treatment plants
can also be substantially reduced.

2.

Graywater discharges are of better quality than combined septic tank influent flows; however, they may
contain significant concentrations of health related
pollutants and, therefore, cannot be recycled and/or
discharged without treatment.

3.

Graywater systems performance and efficiencies have
only been studied on a limited basis and require substantial field verification, especially for Florida's
environment.

4.

Installation of graywater systems on an extensive
basis may require the re-design of proposed or existing wastewater collection and treatment systems based
on the limited studies available.

5.

Graywater installations on an extensive basis may require filtration and chemical treatment prior to discharge in areas near surface water bodies.

6.

Existing data on graywater systems is very limited
and additional information to study the system performance is vitally needed.
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